rate of appearance of the band was far slower than It is not known whether an activated intermediate occurs in the conversion of an altered nucleosome ("alt nuc") to an unaltered nucleosome ("nuc"), but any intermediate is likely to differ from the activated RSC-nucleosome complex ("RSC-nuc*"), due to the difference in structure between altered and unaltered nucleosomes. "nuc," nucleosome; "RSCnuc*," activated RSC-nucleosome complex; "alt nuc," stably altered nucleosome; "trans nuc," product of histone octamer transfer from the nucleosome to free DNA.
the rate of formation of an activated RSC-nucleosome Third, the reaction product displayed the DNase I footprint of a nucleosome. For this analysis, the peak fraction complex (complete within a minute under the conditions used; data not shown). As the labeled DNA fragment from the density gradient was subjected to brief DNase I digestion, followed by extraction of DNA and gel elecwas present in approximately 3-fold molar excess over RSC, the action of RSC was catalytic. ATP hydrolysis trophoresis. An alternating pattern of cleavage and protection with the ten-base periodicity of the double hewas required, as shown by a lack of detectable reaction in the presence of the nonhydrolyzable analog AMPPCP lix, characteristic of a nucleosome and clearly distinct from the cutting pattern of naked DNA, was obtained (data not shown).
( Figure 3B ). Fourth, the reaction product was resistant to digestion The Product of RSC-Catalyzed DNA-Core Particle Interaction Is a Nucleosome at an internal site by a restriction endonuclease. A DraI site about 15 bp from the center of the 154 bp DNA The labeled product of reaction of the free DNA fragment with core particles, RSC, and ATP was identified as a fragment used here was shown previously to be protected by assembly in a nucleosome. Addition of DraI nucleosome on the basis of five criteria. First, as already mentioned, the reaction product migrated in a gel as a to the reaction mixture containing both free DNA and reaction product resulted in complete cleavage of the nucleosome. Second, the reaction product sedimented as a nucleosome. Following the addition of unlabeled former but no cutting of the latter ( Figure 3C) . Finally, the reaction product was similar in stability at competitor DNA, a reaction mixture was applied to a density gradient. Centrifugation yielded a major peak of elevated ionic strength to a nucleosome (data not shown), indicating a similar strength of histone-DNA interaction. radioactivity ( Figure 3A ) in the same position as a marker nucleosome run in a parallel gradient. Gel electrophoreIn this respect, as well as in gel electrophoretic and sedimentation behavior, the reaction product was clearly sis of the peak fraction revealed a band in the position of the reaction product and no free DNA or other labeled distinguishable from the altered nucleosome formed by the action of RSC. material.
Our conclusion that reaction of labeled DNA with core particles gives rise to labeled nucleosomes has the important corollary that the unlabeled DNA originally associated with the core particles is released in free form. A direct demonstration of this point may be found in the previous report of a stably altered nucleosome (Lorch et al., 1998). In that work, an activated complex of RSC with a labeled nucleosome was treated with an excess of unlabeled competitor DNA. In addition to the generation of the altered nucleosome, an appreciable amount of labeled DNA was released in free form (see Figure  7B , lanes 3 and 4, of Lorch et al., 1998).
Free DNA Interacts with an Activated RSC-Nucleosome Intermediate Does the reaction of free DNA with RSC, core particles, and ATP proceed through the previously described, acti- with a RSC-core particle complex is rate determining, at 30ЊC, followed by the addition of carrier DNA and further incuand that the RSC-core particle interaction is essentially bation for 5 min at 30ЊC. DraI (4 U) was added, followed by incubation for 30 min at 30ЊC, extraction of DNA, and electrophoresis in a the same as that involved in activated complex for-7% polyacrylamide gel. An autoradiagraph of the gel is shown. For mation.
the lane labeled "naked," the same procedure was followed with the omission of core particles and RSC. For the lane labeled Discussion "nuc," the same procedure was followed with the omission of labeled DNA, core particles, and RSC and with the inclusion instead Our findings show that RSC, and by inference, SWI/ of the same labeled DNA assembled in a nucleosome. The partial protection of the RSC reaction product ("trans nuc") from DraI cut-SNF, is able to transfer a histone octamer from a nucleoting reflects the partial conversion of the labeled DNA to nucleososome to naked DNA. As one naked region becomes promal form (Figure 1) . tected, another, previously covered by a nucleosome, is exposed. The capacity of a chromatin-remodeling complex to disrupt a nucleosome completely is thus A more detailed kinetic analysis was strongly indicative of free DNA reaction with an RSC-nucleosome interestablished. All that is required beyond the remodeling complex, nucleosome, and ATP is an acceptor for the mediate. If either DNA or core particles interacted first
